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(54) Apparatus and method for printing 

(57) A printing system (100) is provided which in- 
cludes a printing head (1 06) for applying at least one ink 
to a printing substrate (120,122,124) and at least one 
radio frequency (RF) drying unit (140) for discharging 
RF energy, thereby drying the ink on the printing sub- 



strate. A printing system is also provided which includes 
a printing (206) and drying (238) head for applying at 
least one ink to a printing substrate and for subsequently 
drying it. The printing system further includes means for 
moving the printing head with respect to the printing sub- 
strate. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to printing systems 5 
generally and more particularly to printing systems 
which employ relatively slow drying inks, such as water 
based inks. 

BACKGROUND OF THE INVENTION 10 

Printing systems which employ relatively slow dry- 
ing inks for printing, such as printing systems which em- 
ploy water based inks, are well known in the art. Unfor- 
tunately, slow drying inks dry slowly on printing sub- is 
strates in general and on impervious printing substrates, 
such as vinyl, in particular. Another drawback of slow 
drying inks is color bleeding, i.e. the mixing on the print- 
ing substrate, of one color with a formerly applied color 
that has not completely dried. 20 

Therefore, prior art printing systems which employ 
water based inks are limited in their printing rates and 
printing quality. 

However, such printing systems are more environ- 
mentally friendly and do not contain volatile organic car- 25 
bon components which may be hazardous. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 30 
improved printing system. 

According to one aspect of the present invention, 
there is provided a printing system which employs radio 
frequency (RF) radiation for drying the applied ink after 
it has been applied to the printing substrate, preferably 35 
immediately thereafter. 

According to one aspect of the present invention, 
there is provided a printing system which employs RF 
radiation for "on-the-fly" drying of the ink (i.e. as the ink 
is applied to the printing substrate.) 40 

According to a further aspect of the present inven- 
tion, there is provided a printing system which employs 
RF radiation for drying ink waste residues generated 
during the operation of the printing system. 

There is thus provided, in accordance with a pre- 45 
ferred embodiment of the present invention, a printing 
system which includes a printing head for applying at 
least one ink to a printing substrate and at least one ra- 
dio frequency (RF) drying unit for discharging RF ener- 
gy, thereby drying the at least one ink on the printing so 
substrate. 

There is also provided, in accordance with a pre- 
ferred embodiment of the present invention, a printing 
system which includes a printing and drying head for ap- 
plying at least one inkto a printing substrate arid for sub- 5 $ 
sequently drying it and means for moving the printing 
head with respect to the printing substrate. 

Further, according to a preferred embodiment of the 



present invention, the printing and drying head includes 
at least one printing element for applying one of the at 
least one ink on the printing substrate and at least one 
RF drying unit for discharging RF energy, thereby drying 
one of the at least one ink. 

Still further, according to a preferred embodiment of 
the present invention the at least one RF unit includes 
an RF generator for producing RF energy and at least 
one electrode for discharging the RF energy in the vi- 
cinity of the printing substrate. 

According to one preferred embodiment of the 
present invention, the at least one electrode includes a 
positive and a negative electrode located on the same 
side of the printing substrate. 

Alternatively, the at least one electrode includes a 
positive and a negative electrode located on opposite 
sides of the printing substrate. 

Additionally, according to a preferred embodiment 
of the present invention the printing system includes an 
ink waste disposal system which includes a collection 
unit for collecting the ink residues and an RF waste ink 
drying unit for discharging RF energy, thereby to vapor- 
ize the ink so as to produce a substantially solid ink res- 
idue for disposal. 

Further, according to a preferred embodiment of the 
present invention, the ink waste drying RF unit includes 
an RF generator for producing RF energy and at least 
one electrode for discharging the RF energy towards the 
collection unit. 

In accordance with a preferred embodiment of the 
present invention, the same RF generator generates RF 
energy for the at least one electrode of the RF drying 
unit and for the at least one electrode of the RF waste 
ink drying unit. 

There is also provided, in accordance with a pre- 
ferred embodiment of the present invention, a printing 
system which includes means for applying ink on a print- 
ing substrate and an ink waste disposal system which 
includes a collection vessel for collecting the ink resi- 
dues and an RF unit for generating RF energy, thereby 
to vaporize the ink so as to produce a substantially solid 
ink residue for disposal. 

According to a preferred embodiment of the present 
invention, the at least one ink is a water based ink. 

There is also provided, in accordance with a pre- 
ferred embodiment of the present invention a printing 
method which includes the steps of: 

a. applying at least one ink to a printing substrate, 
and 

b. discharging RF energy, thereby drying the at least 
one ink on the printing substrate. 

There is also provided, according to a preferred em- 
bodiment of the present invention a printing method 
which includes the steps of: 

a. applying at least one ink to a portion of a printing 
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substrate; 

b. moving the printing head with respect to the print- 
ing substrate; and 

c. discharging RF energy, thereby drying the ink ap- 
plied on the portion of the printing substrate. 

Further, according to one preferred embodiment of 
the present invention the printing method includes the 
steps of: 

a. collecting into a collection unit ink residues; and 

b. discharging RF energy towards the collection 
unit, thereby vaporizing said ink residues, thereby 
obtaining a substantially solid ink residue for dis- 
posal. 

Additionally, there is provided, according to a pre- 
ferred embodiment of the present invention, a method 
for collecting ink residues of a printing system which in- 
cludes the steps of: 

a. collecting into a collection unit said ink residues; 
and 

b. discharging RF energy towards said collection 
unit, thereby to vaporize said ink so as to produce 
a substantially solid ink residue for disposal. 

Finally, according to a preferred embodiment of the 
present invention the at least one ink is a water based 
ink. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and ap- 
preciated more fully from the following detailed descrip- 
tion taken in conjunction with the appended drawings in 
which: 

Fig. 1 is a schematic isometric illustration of a print- 
ing system, constructed and operative according to 
a preferred embodiment of the present invention; 

Figs. 2A and 2B are schematic cross section illus- 
trations of one color printing unit of the printing head 
of the printing system of Fig. 1 , constructed and op- 
erative according to two preferred embodiments of 
the present invention; 

Figs. 3A - 3C are schematic illustration of the print- 
ing head of the printing system of Fig. 1 in three 
printing positions; 

Fig. 4 is a schematic isometric illustration of a print- 
ing system, constructed and operative according to 
another preferred embodiment of the present inven- 
tion: arid 



Fig. 5 is a schematic cross section illustration of the 
printing head of the printing system of Fig. 4. 

DETAILED DESCRIPTION OF THE PRESENT 
5 INVENTION 

Reference is now made to Figs. 1 - 3C which illus- 
trate a printing system, referenced generally 100, con- 
structed and operative in accordance with a preferred 
embodiment of the present invention. Fig. 1 is a sche- 
matic isometric illustration of the printing system 100, 
Fig. 2Aand 2B are schematic cross section illustrations 
of one color printing unit of the printing head of the print- 
ing system 100, according to two alternative embodi- 
ments of the present invention and Figs. 3A -3C are 
schematic illustration of the printing head of the printing 
system 100 in three printing positions. Similar elements 
are referenced in Figs. 1 - 3C by similar reference nu- 
merals. 

The printing system 100, may be any printing sys- 
tem, such as an ink-jet printing system. An example of 
an ink-jet printing system is the SCITEX OUTBOARD 
printer which is a large format continuous ink-jet printer 
used, for example, for billboard printing and which is 
commercially available from Scitex Corporation Ltd. of 
Herzlia, Israel. 

The printing system 100 is a printing system which 
employs water based inks and includes an "on-the-fly" 
drying system for drying the inks applied to the printing 
substrate during printing. The printing system 100 se- 
lectively dries the inks applied to the printed substrate. 

The printing system 100 preferably comprises any 
feed-in mechanism, such as rollers 102 operated by a 
motor 104, for feeding substrates to be printed into a 
printing position, a printing head 106 for printing an im- 
age on a printing substrate with a water based ink and 
for drying it thereafter, and a Central Processing Unit 
(CPU) 110 for controlling the operation of the printing 
system 100. 

The system 100 also preferably comprises a feed- 
out mechanism, such as rollers 112 operated by a motor 
114, and a collector 116 for collecting the printed sub- 
strates after printing. 

For exemplary purposes only, and as a non-limiting 
embodiment, the printing system 100 will be described 
with respect to sheets of paper such as the sheet illus- 
trated in three different positions indicated by reference 
numerals 120, 122 and 124. Reference numeral 120 in- 
dicates the printed substrate before it is fed into the 
printing system 100, reference numeral 122 indicates 
the printed sheet in a printing position and reference nu- 
meral 124 indicates the sheet in the collection system 
116 after it has been printed. 

It will be appreciated that the printing system 100 
may be fed with any suitable substrate to be printed, 
such as paper or plastic, in any suitable form, such as 
a continuous roll of paper, and in any format. 

The printing head 106 preferably includes fourprint- 
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ing units 130, 132, 134 and 136, each of which prints 
one of the four process colors Cyan, Magenta, Yellow 
and Black (CMYK) on the printed sheet and subse- 
quently dries it "on-the-fly". 

As best seen from Figs. 2A and 2B, which for ex- s 
emplary purposes only refer to the printing unit 130, 
each printing unit preferably includes a printing element 
138 and an RF drying element, generally referenced 
140. As described in more detail hereinbelow : each one 
of the printing units 130, 132, 134 and 136 operates to 10 
print and to subsequently dry, "on-the-fly", the ink print- 
ed on the sheet 122. 

Preferably, each one of the RF drying elements 
comprises a positive electrode and a negative elec- 
trode, referenced 142 and 144, respectively. Each one is 
of the drying units are connected in parallel to an RF 
generator 146, which generates RF radiation and any 
suitable controller, such as the resistor 148, for control- 
ling the RF output level. 

According to one preferred embodiment of the 20 
present invention, as illustrated in Fig. 2A, the positive 
electrode 142 is on one side of the printing sheet 122 
whereas the negative electrode 144 is on its other side. 
Alternatively, as illustrated in Fig. 2B, both the negative 
electrode 142 and the positive electrode 144 are on the 25 
same side of the printing sheet 1 22, which is the side of 
the printing element 138. 

As best seen in Figs. 3A - 3C, the image 1 26 is print- 
ed on the printing substrate 122 in a step wise fashion. 
During printing, while the printing elements discharge 30 
water based ink on the printing sheet 122 to form por- 
tions of the image 126, each one of the RF drying ele- 
ments 140, outputs a suitable level of RF output to dry 
ink previously discharged by its corresponding printing 
unit. It will be appreciated that as best seen in Figs. 3A 35 
- 3C, that each RF drying unit 140 is behind the printing 
element of one of the printing units 130, 132, 134 and 
136 

In the illustrated embodiment, the printing head 106 
moves in one direction indicated by arrow 1 50, for print- 40 
ing a strip across the printed sheet 122 and after each 
strip is being printed, the sheet 122 moves one step for- 
ward in a generally perpendicular direction 152 to the 
direction 150 to provide the next strip of the sheet 122 
for printing. Figs. 3A, 3B and 3C illustrate the printing 45 
head 106 before, during and after printing one strip, re- 
spectively. 

Preferably, each one of the printing steps of the 
printing head 1 06 corresponds to the size of the printing 
elements 138. Referring again for exemplary purposes so 
to the printing unit 130, the printing element 138 dis- 
charges cyan ink on the first portion of the strip currently 
being printed which includes the image. Then, the print-' 
ing unit moves one step, such that the RF element 140 
is above the area covered in the previous step by the 55 
printing element 138. Then, the printing element 138 
discharges ink on a second portion of the strip while the 
RF element 140 dries the ink previously discharged by- 



the printing element 138. The printing elements and RF 
drying elements of the printing units 132, 134 and 136 
operates in a similar fashion in sequence after the print- 
ing unit 130. 

Since it is environmentally advantageous to dis- 
pose ink residues not in the liquid state but in the solid 
state, the printing system 100 preferably also include a 
RF waste ink drying system 160 (Fig. 1). The system 
160 preferably includes a collection system 162 for col- 
lecting ink residues in a collection vessel 164 and a 
pump 166 for collecting the ink's vapors, such as water 
vapor resulting from the ink vaporization process. The 
ink residues are produced during cleaning and mainte- 
nance of the printing system 100. 

It is a particular feature of the present invention that 
the system 160 also includes a RF drying element 168, 
which includes positive and negative electrodes, refer- 
enced 170 and 172, respectively, for improving the ink 
residue drying process in the collection vessel 164. The 
RF drying element 168 operates similarly to the drying 
elements 140 of the printing units. Preferably, but not 
necessarily, the RF generator 146 also provides RF ra- 
diation in the desired level to the RF drying element 168. 

Reference is now made to Figs. 4 - 5 which illustrate 
a printing system, similar to the printing system 1 00, but 
which employs a different printing head and a different 
RF drying system associated therewith. Similar refer- 
ence numerals are used to indicate elements in Figs. 4 
and 5 which are similar to those in Figs. 1 - 3C 

In the illustrated embodiment, printing and drying 
are sequential and not simultaneous as described with 
respect to the embodiments of Figs. 1 - 3C. 

The printing head 206 of the system 200 illustrated 
in Figs. 4 and 5, generally referenced 200, preferably 
includes four printing units 230, 232, 234 and 236, each 
of which preferably prints one of the four process colors 
CMYK and an RF drying unit 238 which includes four 
RF drying units 240, 242, 244 and 246 (Fig. 5), each of 
which includes a positive and a negative electrode. Pref- 
erably, each one of the RF drying units outputs RF ra- 
diation which is suitable for drying a corresponding ink. 
For example, in the illustrated embodiment, the RF dry- 
ing unit 240 operates to dry ink discharged by the print- 
ing unit 230 which discharges Cyan ink. 

As best seen from Fig. 5, each pair of corresponding 
printing unit and drying unit, such as the printing unit 232 
and the drying unit 242 are located generally in the same 
position, each on one side of the printing sheet 122. 
Preferably, the length of the RF units 240, 242, 244 and 
246 is generally similar to the width of the printing sheet 
122 

During printing, the four printing units 230, 232, 234 
and 236 discharge CMYK inks simultaneously to cover 
a portion of a strip of the printing sheet 122. Preferably, 
the printing units 230, 232, 234 and 236 operate in a 
step wise fashion by moving along the direction indicat- 
ed by arrow 150. Once a strip is printed, the RF gener- 
ator 146 outputs RF radiation which is modulated to the 
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a. an RF generator for producing RF energy; 

b. at least one electrode for discharging said 
RF energy in the vicinity of said printing sub- 
strate. 

5. A printing system according to claim 4 wherein said 
at least one electrode comprises a positive and a 
negative electrode located on the same side of said 
printing substrate. 

6. A printing system according to claim 4 wherein said 
at least one electrode comprises a positive and a 
negative electrode located on opposite sides ol said 
printing substrate. 

7. A printing system according to any of the previous 
claims and also comprising an ink waste disposal 
system, said waste disposal system comprising: 

20 a. a collection unit for collecting said ink resi- 

dues; and 

b. an RF waste ink drying unit for discharging 
RF energy, thereby to vaporize said ink so as 
to produce a substantially solid ink residue for 
25 disposal. 

8. A printing system according to claim 7 wherein said 
ink waste drying RF unit comprises: 

30 a. an RF generator for producing RF energy; 

b. at least one electrode for discharging said 
RF energy towards said collection unit. 

9. A printing system according to claim 8 wherein the 
35 same RF generator generates RF energy for said 

at least one electrode of said RF drying unit and for 
said at least one electrode of said RF waste ink dry- 
ing unit. 



desired level by each one of the suitable controllers, 
such as the resistors 250, 252, 254 and 256, each of 
which controls the RF output level in accordance with 
the properties of the corresponding ink to be dried. 

Then, the printing sheet 122 moves one step in the 
direction indicated by the arrow 152 and another strip is 
printed. 

It will be appreciated that, since each point on the 
printing sheet 122 is printed typically by four printing 
colors, the steps of the sheet 122 in the direction 152 
are such that a new strip includes a portion of the pre- 
vious strip which has not been yet printed with all the 
desired printing inks. 

It will be appreciated that the preferred embodi- 
ments described hereinabove are described by way of 
example only and that numerous modifications thereto, 
all of which fall within the scope of the present invention, 
exist. For example, the present invention is not limited 
to CMYK inks and any additional ink or a substitute for 
one of the CMYK colors may be employed. 

It will be appreciated by persons skilled in the art 
that the present invention is not limited to what has been 
particularly shown and described hereinabove. Rather, 
the scope of the present invention is defined only by the 
claims that follow: 



Claims 

1. A printing system comprising: 

a. a printing head for applying at least one ink 
to a printing substrate; and 

b. at least one radio frequency (RF) drying unit 
for discharging RF energy, thereby drying said 
at least one ink on said printing substrate. 

2. A printing system comprising: 

a. a printing and drying head for applying at 
least one ink to a printing substrate and for sub- 
sequently drying it; and 

b. means for moving said printing head with re- 
spect to said printing substrate. 

3. A printing system according to claim 2 and wherein 
said printing and drying head comprises: 

a. at least one printing element for applying one 
of said at least one ink on said printing sub- 
strate; and 

b. at least one RF drying unit for discharging 
RF energy, thereby drying one of said at least 
one ink. 

4. A printing system according to either of claims 1 or 
3 wherein said at least one RF unit comprises: 



40 10. A printing system comprising: 

a. means for applying ink on a printing sub- 
strate; and 

b. an ink waste disposal system, said waste dis- 
45 posal system comprising: 

i. a collection vessel for collecting said ink 
residues; and 

ii. an RF unit for generating RF energy, 
so thereby to vaporize said ink so as to pro- 
duce a substantially solid ink residue for 
disposal. 

■ 11. A printing system according to any of the previous 
ss claims wherein said at least one ink is a water based 
ink. 

12. A printing method comprising the steps of: 
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a. applying at least one ink to a printing sub- 
strate; and 

b. discharging RF energy, thereby drying said 
at least one ink on said printing substrate. 

5 

13. A printing method comprising the steps of: 

a. applying at least one ink to a portion of a 
printing substrate; 

b. moving said printing head with respect to 10 
said printing substrate; and 

c. discharging RF energy, therebydryingthe ink 
applied on said portion of said printing sub- 
strate. 

15 

14. A printing method according to eiother of claims 1 2 
or 13 and also comprising the steps of: 

a. collecting into a collection unit ink residues; 
and 20 

b. discharging RF energy towards said collec- 
tion unit, thereby vaporizing said ink residues, 
thereby obtaining a substantially solid ink resi- 
due for disposal. 

25 

15. A method for disposing ink residues of a printing 
system comprising the steps of: 

a. collecting into a collection unit said ink resi- 
dues; and 30 

b. discharging RF energy towards said collec- 
tion unit, thereby to vaporize said ink so as to 
produce a substantially solid ink residue for dis- 
posal 

35 

16. A printing method according to any of claims 12 - 
1 5 wherein said at least one ink is a water based ink. 
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